Abstract:
Introduction
Skeletal dysplasias are heterogenous group of bone disorders characterized by intrinsic disturbances in bone growth and structure that produce wide spectrum of clinical and radiological manifestations and often have a genetic basis and their phenotype continues to evolve throughout life. [1] Skeletal dysplasias differ from dysostoses which are congenital malformations of one or more bones which are phenotypically static and are due to abnormal blastogenesis in utero. The overall prevalence of this group has been reported as 2.3-7.6 cases per 10000 births in various studies. [1] The diagnosis of skeletal dysplasia depends on a combination of history, clinical examination, radiological evaluation and genetic and biochemical tests. Skull radiographs are obtained as a part of the diagnostic work-up for skeletal dysplasias and dysostoses along with whole skeletal survey. Skeletal dysplasias usually manifest with diffusely increased or decreased density or focal decreased density in skull radiograph. [2] Several studies have been done to identify the prevalence of skeletal dysplasias and dysostoses in various groups using whole skeletal survey, but none of those studies focussed on the use of skull radiograph alone as a screening tool for these conditions. Further, a previous study shows radiation exposure in young children for skull radiograph was 20µSv(AnteroPosterior(AP) and lateral view) compared to whole skeletal survey which was 150µSv. [3] Hence we conducted the retrospective study to evaluate the diagnostic value of skull radiograph compared to whole skeletal survey as a screening tool for these conditions.
II.
Materials And Methods
Patients And Methods
Retrospective study done in the Department of Radio-Diagnosis and Paediatrics, Government Kilpauk Medical College, Chennai, India for a period of two years from November 2014 to October 2016. The study population includes 1000 high risk children who came to the hospital & underwent whole skeletal survey during the study period. High risk children include those with history of antenatal polyhydramnios, stillbirths/ malformations in siblings and relatives, consanguinity and maternal age more than 35 years.
Radiological evaluation:
The radiological evaluation consists of a set of radiographs which include-Skull (AP and lateral), Thoracolumbar spine (AP and lateral), Chest (AP), Pelvis(AP), One upper limb (AP) and Left hand (AP)(for bone age)The images were retrieved from the PACS workstation (Mediff technologies) and analysed by a radiologist with 10years experience in pediatric radiology. The skull radiographs and the whole skeletal survey Abnormalities seen in the appendicular skeleton include the type of limb shortening i.e rhizomelic, mesomelic, acromelic or micromelic, location of abnormality i.e epiphyseal, metaphyseal or diaphyseal or more than one location. Additional features like altered shape of the bones in the pelvis and hand were looked for during the evaluation. All the suspected cases were subjected for biochemical and molecular tests for the confirmation of diagnosis.
Statistical analysis
The collected data were analysed with IBM.SPSS statistics software 23.0 Version. To describe about the data descriptive statistics, frequency analysis, percentage analysis, the Sensitivity, Specificity, PPV and NPV were used to compare the skull with whole skeletal survey.
III.
Results Age and sex distribution of high risk children screened and diagnosed cases. Out of 1000 children 595 were less than 12 months (323 male and 272 female) and remaining 405 were between 1 to 10 years (209 male and 196 female) and in 20 cases 11 were less than 12 months (7 male and 4 female) and remaining 9 cases were between 1 to 10 years (4 male and 5 female). 
IV. Discussion
Overall incidence of dysplasia and dysostoses in our study was 20 per 1000 in high risk group and this was supported by kulkarni et al 1995 study [4] where, children with high risk factors suffered from these disorders 10 to 20 times higher than normal children. Consanguinity (25%) followed by advanced maternal age>35(23%) are the major risk factors in our study, Fig.(1) and this was supported by kulkarni et al sudy in 1990 [5] and the higher incidence of dysplasias (39.1/1000) was due to consanguineous history.
Our classification of dysplasia and dysostoses was based on 2010 revision of the Nosology and Classification of Genetic Skeletal Disorders framed by the International Skeletal Dysplasia Society [1, 6, 7] and skull findings classification from Glass et al study in 2004. [2] Skull radiograph revealed findings in 18 cases, who also had findings in rest of the skeletal survey TABLE (2) . Five patients had macrocephaly [2] out of which three turned out to be achondroplasia Fig.(3) ,because they had narrow skull base and narrow foramen magnum [1, 2, 8, 9] and one with J shaped sella[1,10,11] turned out to be hurler's Fig.(4) and other one was morquio's disease. [1, 11] Rest of the skeletal suvey of the same five patients had findings in appendicular skeleton and axial skeleton which supported the diagnosis. Other differentials of macrocephaly like alexander disease, canavan disease, sotos syndrome and tuberous sclerosis should be ruled out. [2] One patient had microcephaly [2, 12] and that turned out to be down's syndrome. Same patient had other findings like flaring of iliac wings and confirmed with genetic studies. Other differentials of microcephaly like fetal alcohol syndrome, TORCH syndrome, trisomy 13 and Rubinstein-Taybi syndrome should be ruled out.
[2] Two patients had diffuse increase in density [2] of the skull, among them one had increased density in base of skull turned out to be osteopetrosis [1, 11, 13] confirmed with other skeletal findings like bone within bone appearance and sandwich vertebrae Fig.(5) . The other patient had increased skull density with wide open fontanelle, wormian bones, obtuse angle of mandible and turned out to be pyknodysostosis [1, 11, 13] ,patient also had acro-osteolysis in hand Fig.(6) .Another patient had wormian bones with normal mandibular angle with absent clavicle and widened symphysis was cleidocranial dysplasia.
Two patients had diffuse decreased density of skull [2] , one patient with platybasia and multiple appendicular skeleton fractures turned out to be osteogenesis imperfecta [1, 14, 15] and another female patient with positive metacarpal sign had turner's syndrome [16, 17] ,other differentials like hypophosphatasia & menkes syndrome should be ruled out. Another two patients had focal decreased density of skull [2] and patients had other features like premature fusion of sutures and diagnosed as craniosynostosis [2, 18, 19] Fig.(7) .one more patient had tower skull and diagnosed as apert's syndrome. TABLE (1) Other findings like dolichocephalic skull in two patients had associated platyspondyly and abnormal epiphysis turned out to be spondyloepiphyseal dysplasia [1, 11, 20, 21] and one patient had teeth abnormalities turned out to be chondroectodermal dysplasia [1, 13, 22] , patient also had acromesomelia, postaxial syndactyly and pelvis abnormalities. only two patients had normal skull xray with stippled epiphyseal calcification and diagnosed as chondrodysplasia punctata. [1, 11, 13] Other conditions like hypochondroplasia, pseudoachondroplasia, spondylometaphyseal dysplasia also shows normal skull Xray. [1] Skull Xray alone has 100% specificity and positive predictive value versus whole skeletal survey in diagnosis of dysplasia/dysostoses.TABLE (3) Brindhaban et al in 2005 [3] conducted a study to estimate the radiation dose during whole skeletal survey and they found that the effective dose(E) values for whole skeletal survey in less than 1 year children was 150µSv(mean) with maximum upto 260 µSv. Whereas, for skull Xray the effective dose(E) values was 13 µSv & maximum around 20 µSv. This leads to significant increase in fatal malignancies risk by 10 -30/million and with multiple exposures the risk further increases. [3, [23] [24] [25] [26] So,the effective radiation dose can be decreased by taking skull Xray first and in cases where it reveals findings or conditions where there is strong clinical suspicion(even if skull xray is normal) like chondrodysplasia punctata, Pseudoachondroplasia, spondylometaphyseal dysplasia, then further radiological examination can be proceeded.
Limitations of this study includes small number of positive cases (many other dysplasias and dysostoses were not included in this study) and longer duration prospective studies needed to test this hypothesis. 
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V. Conclusion
In High risk children, rather than doing whole skeletal survey as routine examination, skull Xray can be done initially as screening tool and in case of abnormal findings or strong clinical suspicion of few dysplasias with normal skull then the rest of the skeletal survey can be considered. This approach will reduce effective radiation(E) dose for those children who are undergoing repeated Xray exposures.
